Abstract: This paper is concerned with the pth moment exponential stability of impulsive stochastic functional differential systems (ISFDSs) with Markovian switching. By using the Lyapunov function method and Razumikhin technique with stochastic version as well as stochastic analysis theory, some new stability criteria of pth moment exponential stability for ISFDSs with Markovian switching are obtained. Main results show that ISFDSs with Markovian switching may be exponentially stabilized by impulses. An example is also discussed to illustrate the efficiency of the results.
INTRODUCTION
Impulsive stabilization is very important in the control theory and application of nonlinear dynamical systems [1, 2] . Due to the extensive application of impulsive functional differential systems [3] , its impulsive control and stabilization has gained more and more attention [4, 5] , which are successfully applied in many fields, such as control systems [6] , population growth and biological systems [7] , secure communication [8] and so on. Recently, the impulsive control and stabilization of stochastic systems has been wildly concerned and a lot of results are obtained [9] [10] [11] [12] [13] [14] [15] [16] . However, due to theoretical difficulties, there are only a few works on the stability of impulsive stochastic functional differential systems (ISFDSs) with Markovian switching [17] [18] [19] . Because of the disturbance of random factors, the traditional methods to investigate the stability of impulsive deterministic functional differential equations cannot be effectively used in the study of the stability of ISFDSs with Markovian switching which is more difficult. To fill this gap, by using the Razumikhin technique and Lyapunov function method with stochastic version as well as stochastic analysis theory, some new stability criteria of pth moment exponential stability for ISFDSs with Markovian switching are derived, which shows that unstable stochastic functional differential systems with Markovian switching may be exponentially sta- bilized by impulses. This paper is organized as follows. In the next section, we present some notation and preliminaries, and a class of ISFDSs with Markovian switching are introduced. Some new exponential stability criteria of ISFDSs with Markovian switching are shown in Section 3. The fourth section provides an examples to illustrate the main results. Finally, the proofs of main results are presented in the last section.
Preliminaries
(Ω, F,{F t } t≥0 , P ) denotes a complete probability space with a filtration {F t } t≥0 satisfying the usual conditions, and
T is defined on this probability space. 
taking values in a finite state space S = {1, 2, ..., n} with generator Γ = (γ uv ) given by
where δ > 0, γ ij is the transition rate from i to j and
Consider the following ISFDS with Markovian switching:
where the initial value ξ ∈ P C
As usual, f, g and I k are assumed to satisfy necessary assumptions so that, for any initial data ξ ∈ P C (1) has a unique global solutio x(t; t 0 , ξ) (see [20] and references therein). Moreover,
Definition 2.1 [20] . The trivial solution of system (1) is said to be pth (p > 0) moment exponentially stable if there is a pair of positive constants C, λ such that
for all ξ ∈ P C
, it is usually said to be exponentially stable in mean square. It follows from (2) that lim sup
and −λ is called the pth moment Lyapunov exponent of the solution.
Main Results
In this section, some criteria on the pth moment exponential stability for systems (1) are shown.
; R + ) and u : [t 0 , ∞) → R + be a piecewise continuous function. Suppose there exist some positive constants p, α, β and λ such that
where 0 < ρ < min{e
E[LV (φ, t, i)] ≤ u(t)EV (φ(0), t, i)
whenever
where q > ρ −1 e λτ (1 ∨d −1 ). Then the trivial solution of system (1) is pth moment exponentially stable and its pth moment Lyapunov exponent is not greater than −λ. In Theorem 3.1, u(·) is a nonnegative function, which can be loosened, and the following Theorem 3.2 is obtained. (1) is pth moment exponentially stable and its pth moment Lyapunov exponent is not greater than −λ. If the conditions of t k and u(t) are strengthened, the following results can be obtained, which are easy to apply. 
where q > e λδ+vδ+λτ (1 ∨d −1 ). Then the trivial solution of system (1) is pth moment exponentially stable and its pth moment Lyapunov exponent is not greater than −λ. (1) is pth moment exponentially stable and its pth moment Lyapunov exponent is not greater than −λ. Remark It is clear that Theorems 3.1, 3.2, 3.3 and 3 .4 allow the system (1) to be unstable, since the function u(t), which characterizes the changing rate of V (x(t), t), is not assumed to be negative. Our results show that an unstable stochastic functional differential systems with Markovian switching can be successfully stabilized by impulses.
An Example
Example 4.1. Consider an impulsive stochastic delay system with Markovian switching as follows
where r(t) is a right-continuous Markovian chain taking values in (4) with generator
and independent of the scalar Brownian motion w(t), f (t,
(1) Without impulses, system (4) is not mean square exponentially stable. (4) is mean square exponentially stable. Let V (t, x, 1) = V (t, x, 2) = x 2 , then the condition (i) holds with α = β = 1 and p = 2. By calculation, it follows that ELV (t,
r(t)) ≤ u(t)EV (t, x t , r(t)).
By taking λ = 2, sup
0.8 and q = 5, it is easy to verify that the conditions (ii) and (iii) of Theorem 3.1 are satisfied. Thus, system (4) is mean square exponentially stable and its Lyapunov exponent is not greater than −2. So it is clear that impulses can successfully stabilize an unstable stochastic delay system with Markovian switching.
The Proofs of Main Results
In this section, by using the Razumikhin technique and Lyapunov functions, the proofs of our results are given.
Proof of Theorem 3.1: Given any initial data ξ ∈ P C
of (1) is written as x(t) in this proof. Without loss of generality, assume that the initial date ξ is nontrivial so that x(t) is not a trivial solution. Choose P such that
It follows from condition (i) and (5) 
In the following, we shall show that for t ∈ [t k−1 , t k ),
where k ∈ N and M k is defined as P 1 = P and
Suppose (8) is not true, then there exist some t
. By the continuity of EV (x(t), t, r(t)), it follows that
Let t * = sup{t ∈ [t 0 − τ, t * ) : EV (x(t), t, r(t)) ≤ β ξ p }, then (6) and (9) imply that t * ∈ [t 0 , t * ). Therefore, again by the continuity of EV (x(t), t), for t ∈ (t * , t * ], < qEV (x(t * ), t * , r(t * )) ≤ qEV (x(t), t, r(t)).
EV (x(t), t, r(t)) > EV (x(t
By the Razumikhin-type condition (iii), for ∀t ∈ [t * , t * ],
E[LV (x t , t, r(t))] ≤ u(t)EV (x(t), t, r(t)).
Combining Itô formula with (11) This contradiction implies that inequality (8) is true and (7) holds for k = 1. Assuming that
